I .0 INTRODUCTION
Since 1951, the Nevada Test Site (NTS), Nye County, Nevada has been the continental proving ground for United States and British nuclear weapons testing. Since 1955, 828 underground experiments have been fired at the NTS. Approximately one-third have been detonated beneath or within one cavity radius of the water table. As a part of a Compreheasive Environmental Response, Compensation and Liability Act (CERUA) strategy to address the potential for groundwater contamination associated with underground nuclear testing, the U.S. Department ofEnergy (DOE), Nevada Operations Office, Environmental Restoration Division designated the Underground Test Area Operable Unit to manage a remedial investigation I feasibility study (RI/FS) of NTS groundwaters impacted by testing. A part of the Ri/KS incorporates a dedicated deep (>1500m) drilling program to determine the nature and extent of potential contamination proximal to testing centers. Since 1991, 24 wells have either been drilled or rehabilitated. The first phase of drilling concentrated on uncontaminated site locations downgradient from testing centers where data was returned on hydrogeology and the groundwater flow system. Presently the drilling focus has Shifted to targets within the testing centers to better characterize the migration of dissolved radionudide& The first site for 'near-field' drilling is 275m downgradient from the 1975 TYBO nuclear test which was fired in NTS hole U20y at a depth of 765m in Area 20. The measured TYBO e-shot static water level was 630m. The drilling strategy calls for completion ofa three well cluster with all three wells drilled from the same pad. The first well will be completed to a depth of at least 915m. In order to make informed decisions about the management of investigation derived waste returned from deep drilling, on-site radionudide monitoring provides field and regulatory personnel a rapid reening technique to evaluate the waste stream in 'real-time'.1 Besides meeting regulatory requirements, 'real-time' monitoring also affords drilling and field personnel maximum protection against exposure to radionuclides. Fluids circulated through the drill string will be monitored every 9m during drilling. Retomed drilling fluids with tritium concentrations more than 200,000 pCiL, gross a more than 150 pCi/L or gross 3 more than 500 pCi/L will be contained in lined sumps until the liquid has evaporated. Concentrations below these thresholds may be discharged to unlined infiltration areas.
Radionucides particularly targeted for identification and early detection by field based monitoring are 3H , Co,Kr, 'Sb, 137Cs and 241Am. In particular, 3H, 85j and Sb are produced in forms that are almost completely mobile in groundwater. These species serve as conservative indicatorsof radionucide migration because they are not attenuated by the rock through which they flow.
TRITFUM MONITORING
Tntium is currently being used as an early indicator of the potential migration ofradionuclides in NTS groundwaters. Because it is conservative, tritium will not be depleted nor enriched in groundwaters by chemical pmcesses including ion exchange, speciation, dissolution or precipitation; its presence is an unambiguous indication of subsurface contamination associated with underground nuclear weapons testing. A program to monitor tritium during drilling operations and well development was successfully initiated in 1992 for all UGTA drilling at the NTS. This procedure allows tritium to be monitored at the drill site hourly during continuous three..shift operaüons2
Three Packard 1600 TR liquid scintillation counters (LSCs) are dedicated for this effort. For 'near-field' drilling two LSCs will be assigned to the drill-site facility and the third used as a backup. To protect the delicate instrumentation during frequent relocation, each counter has been 'hardened' by strapping the lead housing around the detector securing it to the counter frame. In addition, shock mounts were installed between the counter and the cart support in each of the four corners. Power is supplied by on-site generators. Line fluctuations from erratic signals and background interferences require line conditioners and a chargeable uninterrupted power supply. The effluent matrix can be made up of any combination of air, water and foam containing DOE approved polymer drilling mud. Because of particulate loadings in the drilling fluid, high pressure filtration is essential prior to scintillation counting. Special chemiluminesensce subtraction routines have been added to the software for the counting system. Radiological controls techthcians (RCTs) are trained to collect, filter, and count samples during 24 hour well drilling and development operations.
SYSTEMS EVALUATION

Field deployed gamma detectors
For 'near-field' drilling, stand-alone tritium monitorinj is less diagnostic as a comprehensive indicator of contamination. Several fission products including 131Cs and Sr have volatile gaseous precursors (137Xe and Kr respectively) that may be injected as gases during the detonation and may be heterogeneously redistributed, particularly in the vadose zone, and missed by a stand-alone tritium monitoring program. In addition, while tritium is diagnostic of the presence of radionudides, the identity of specific fission products can only be confirmed by spectral gamma counting.
Frequently drilling fluid returns incorporate natural 2Th, 8U and K both from bentonitebssed drilling fluids as well as the evolved tuffs which comprise much of the geology of the Nevada Test Site.3 The spectral gamma detectors are capable ofdifferentiating between natural and anthropogenic radionudides in the field.
Historically, high purity germanium gamma detectors have been field deployed. However, early systems were cryogenically cooled with liquid nitrogen, were extremely heavy (90kg) and incorporated a high pressure gas system which requiring venting. Each of these presents substantive logistical problems at the Nevada Test Site. In particular, remote drilling sites may be far removed from convenient source of liquid nitrogen. For this reason, the germanium detectors are cooled using a refrigeration unit charged with an environmentally safe compound. The 20% and 30% efficient Canberra high purity germanium (HPGe) detectors have a resolution of 1.9 KeV at 1332 KeV. Component Canberra 2002 preamplifiers and 2020 amplifiers are both low noise Canberra Accuspec A acquisition interface ADC analyzer boards are designed to run on a DOS PC platform. All analysis and data reduction software has been configured to be easily operated and interpreted by RCFs in the field.
The germanium detectors were calibrated using an efficiency model developed by Gunnick et aL.4 A typical efficiency curve is fit by two polynomials. The low energy polynomial has five coefficients and ranges from 0.04 MeV to 0.2 MeV. The high energy polynomial has six coefficients and ranges from 0.2 MeV to 3.0 MeV. These polynomial coefficients are obtained using point sources. Final counts with volume, area and point sources using the code GRPANL are performed to access the point source calibration.
The germanium systems have been evaluated using samples of drilling fluid contaminated with short-lived fission _ucts in an auempt 10mirror field conditions and determine the sensitivity, efficiency and repmducibility of the fielded systems (Figure 1 -Figure 4) . We contrast the performance of both 20% and 30% efficient HPOe detectors. The following table shows the typical distribution of the short-lived fission products in actual post-event drill-back fluids. The U4u sample was collected in 1994 by a down-hole evacuated bailer lowered into the DALHART postevent drill back hole at a depth of 533.Sm. The U2bs sample was collected in 1973 after the STARWORT event from a depth of 6583m and recovered from archives for this study. A 400 ml glass jar offers the maximum geometry for the lead shielded counting chamber appropriate for these detectors.
MATRIX DRILLING FLUIDS ANALYZED BY 20% and 30%
EFFICIENT GERMANIUM DETECTORS (in pCi per 400m1 sample) Spectra displays the expanded region of 400 to 700 KeV - Figure 2 .
The first peaks are l25Sb (428 and 463 Key) followed by the natural peaks.
394 ISPIE Vol. 2504 The drill-site protocol calls for a 400 ml glass jar to be filled with the drilling fluid without further sample preparation. The 20% efficiency Ge detector will serve to prescreen each hourly collected sample. The 20% sample will be transferred to the 30% efficient Ge detector for further counting as a new sample arrives the next hour for prescreernng.
Alpha I beta discrimination
The discriminating liquid scintillation detector for a I monitoring exhibits excellent resolution for 241An with a characteristic 5.27 MeV a emission. The selection of 24l4j as a target isotope is significant for two reasons: 1) diagnostic alpha and gamma emission energy peaks and 2) 241 is produced by decay of 24lPij with a half-life of 14.4 years. Weapons grade plutonium consists of approximately 0.5% 24lPij which persists after detonation as unburned nuclear fuel. However, because 241p and 241&n are depleted in weapons fuels and are refractoiy species which are relatively insoluble in groundwater their presence is not expected in 'near-field' drilling returns.
The energy range for most beta emitters is 0-2 MeV; and for alpha emitters is 3-8 MeV. The peaks are shaped very differently. Pulse shape discrimination allows mixed a and emitters in a single sample to be resolved by the time distribution of the light emission each generates from the scmtillator. LSC/PSD techniques allow the measurement of alpha particles with excellent spectral resolution and low background. However counting efficiency by this technique is low and sample preparation can be complex.
Results for a I f3 discriminationusing a Beckman 6500 that has both quench correction and chemiluminesence software are provided below. The 241p standard activity is 270 pCi/g. Results are also listed for 241Aii mixed with a 36C1 standard and 241&n mixed with a 3H standard. The table clearly shows the ability of the a I f3 discriminating LSC to resolve a emitters in a -13 mixtures relative to f3 screening alone. 
EVALUATION OF a /13
RESULTS AND FIELD PROTOCOL
During near-field' drilling short count tritium scans will be processed every quarter hour by the LSC procedure established in 1992. For unsaturated and saturated zone drilling in the 'near-field', tritium monitoring will be augmented by drill-site gamma monitoring.
The analysis of drilling fluid effluents using a dedicated 30% efficient HPGe detector enhances UGTA on-site radionuclide contaminant diagnostic capability. The capability to correctly and quickly identify single fission products and distinguish natural from contaminant radioactivity pmvides health and safety personnel necessaiy information to adequately manage the investigation derived waste stream while minimizing interruptions to an expensive and timecritical drilling schedule.
As a result of our work, we significantly improved the limit of detection of iiig LSC discrimination. The gamma ray peak for 24lj 59 •5 KeV at the height of the background continuum. By comparison, the 5.27 MeV a particle is easily resolved by the a I 3 LSC.
5o NEWDEVELOPMENTS
Investigators at the Lawrence Livermore National Laboxatory (LLNL) have developed a compact, rugged, and highresolution electro-mechanically cooled high-purity germanium detector for remote Ifield applications. This system offers lightweight portability and low power consumption. Superior energy resolution is achieved using the breakthrough active vibration suppression technology which is comparable to (and in many cases better than) conventional liquid nilrogen cooled HPGe systems. The system weighs 6.8 kg and requires 40 watts of power to operate once the detector is cooled to its operating temperature. 5 The detector has been developed to provide safeguard measurements of special nuclear materials indicative of isotopic composition and enrichment signatures; the system has been successfully field tested using plutonium and uranium metals. This technology is predicted to extend the life expectancy of the detector about a factor of 10. This LLNL detector can be operated on a 18 to 32 volt bauery for a period of about 8-12 hours.5 Advances in component miniaturization promise extremely portablegamma detectOrs in the very near future with design lifetimes in excess of 10 years. Ultimately, such a detector might be fielded down-hole in the saturated zone to provide in-situ gamma monitoring.
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